Starting from a parentalE. coli K-12 MG1655 strain, we evolve cells in five different carbon environments-1 9 3 3 Boos 2005). Utilization systems specific for each of these sugars exist and consist of a set of transporters which 3 4 mediate uptake of the specific sugar from the external medium, a set of enzymes which convert the internalized 3 5 sugar into metabolic intermediate and a regulator which controls the overall expression of the transporter and 3 6 metabolic genes. The latter genes are not always expressed; rather subjected to conditional induction. In 3 7 presence of cognate sugar (inducer), the regulatory protein activates transcription of the utilization genes. When 3 8 the inducer is absent, the same protein acts as a negative regulator, turning off expression of the transporter and 3 9 metabolic genes(Afroz, Biliouris et al. 2014).Thus this regulatory strategy is a cost-saving one, whereby cells 4 0 invest in synthesis of utilization machinery only when needed rather than allowing unnecessary production 4 1
We used E. coli K-12 MG1655 strain to study the process of adaptive evolution under sugar selection pressures.
0 4
We propagated this strain under five independent sugar environments -glucose, arabinose, xylose, rhamnose 1 0 5
(each individual sugar being present at 0.2% concentration) and lastly, a mixture of all these four sugars.The 1 0 6 mixture contained glucose, arabinose, xylose and rhamnose in 6.94: 3.8: 0.66: 0.44 molar ratios, respectively. 1 0 7
The final concentration of each of the constituent sugars in the mixture therefore became: glucose -0.125%, 1 0 8 xylose -0.057%, arabinose -0.01% and rhamnose-0.008%. Cells were inoculated in 2ml tryptone broth in a 1 0 9 test tube containing 0.2% sugars at 37ºC with shaking at 160 rpm. Presence of tryptone in the growth medium, 1 1 0 may influence the growth of the strains to some extent. However, use of tryptone broth will lead to higher 1 1 1 carrying capacity than minimal media. This may allow greater supply of beneficial mutationsas the population 1 1 2 bottle-neck will contain more cells during transfer into a fresh medium.
3
Evolution in a given sugar medium was carried out by sub-culturing 1:100 of the overnight culture into fresh 1 1 4 medium twice daily. The experiment wascontinued for 2,000 generations. For each sugar environment, two 1 1 5 parallel populations were evolved (designated strain 1 andstrain 2), yielding a total of ten different strains for 1 1 6 five different sugar environments. The strains were named according to the sugar environment in which they 1 1 7 were evolved -Glu1 and Glu2 for the duplicate strains adapted in glucose. Likewise Ara1 and Ara2, Xyl 1and 1 1 8
Xyl2, Rha1 and Rha2 and Mix1 and Mix2 for strains evolved under arabinose, xylose, rhamnose and mixed-1 1 9 sugar conditions respectively. Approximately after every 50 generations, strains were stored at -80 degrees for 1 2 0 future analysis. The term "evolved strains" has been used to indicate strains evolved for 2,000 generations, 1 2 1 unless otherwise mentioned. To understand the phenotypic changes occurring in the strains under diverse sugar selection pressures, we 1 2 5 measured three parameters associated with the bacterial growth in the evolved strains, and compared them with 1 2 6 those in the wild-type E. coli.The three parameters measured were as follows: (a) duration of lag phase upon 1 2 7 sub-culture, (b) growth rate in the log-phase, and (c) steady state optical density (OD) values. These parameters 1 2 8
were measured in strains evolved for300, 600, 1,200 and 2,000 generations. For each strain, these measurements 1 2 9
were made in all five sugar environments.To make these measurements, single colonies of ancestor and evolved 1 3 0 strains were inoculated into tryptone broth and grown till saturation. Next, they were sub-cultured 1:100 and 1 3 1 grown in the same medium containing the appropriate sugar in a micro plate reader with shaking at 37ºC and 1 3 2 optical density (OD600) readings taken every 45 minutes for 16 hours. The duration of lag phase was calculated 1 3 3 as previously described (Zwietering, Rombouts et al. 1992 pattern of regulatory interactions between these sugar utilization systems, and that (b) no changes in the 3 0 1 regulatory sequence take place for any of the genes involved. Moreover, the hierarchy associated with E. coli 3 0 2 using these sugars is strictly maintained in all evolved strains. Nevertheless, we see quantitative changes in the 3 0 3 expression levels of different sugar utilization genes in the evolved strains. More precisely, the expression levels 3 0 4
for the genes involved in utilization of the carbon source in which the bacteria were evolved were increased; and 3 0 5
all other sugars which the bacteria did not "see" for 2000 generations were slightly repressed. In addition to 3 0 6 reduced lag phase and increased growth rate phenotypes, few evolved strains also exhibited increased biomass 3 0 7
yield. Although, trade-off between growth rate and biomass yield have been reported earlier, we did not observe 3 0 8 such trade-off in this study (Novak, Pfeiffer et al. 2006 Maddamsetti, Hatcher et al. 2017). Of these, mutation in spoT, a gene whose product regulates stringent 3 1 5
response was shown to result in both reduction in lag phase as well as increase in exponential growth rate.
1 6
Mutation in another genenadR, coding for a repressor of genes involved in NAD metabolism was presumed to 3 1 7 be responsible for increased growth rate or reduced lag phase or both in evolved strains (Schneider, Duperchy et 3 1 8 al. 2000) . Lastly, mutations in topA and fis genes was reported to be responsible for increased growth rate in 3 1 9 evolved strains. Mutations in several other genes imparted other improved traits in evolved strains -for example 3 2 0 strains having mutation in pykF showed improved glucose uptake, or in pbpA-rodA operon resulted in larger cell 3 2 1 volumes (Woods, Schneider et al. 2006) . The glucose evolved strains also showed improved performance in 3 2 2 environments containing those substrates which shared similar mechanism of transport as that of glucose 3 2 3 (Lenski, Mongold et al. 1998) . Moreover, increase in biomass yield in strains evolved in glucose was reported to 3 2 4 be due to mutations in the glucose transporter genes (Bachmann, Fischlechner et al. 2013 ).
3 2 5 3 2 6
In our experiments, the potential targets for positive selection might be some components common to the 3 2 7 utilization pathways of the sugars used.This is most likely because improved growth phenotypes were exhibited 3 2 8
by evolved strains across all sugar environments. Among these,glucose is transported via the PTS systems and From the perspective of cross-regulatory interactions, our results show that in a relatively short time of 2,000 3 4 5 generations, there is likely no significant advantage in the bacterium in losing its ability to utilize carbon sources 3 4 6 it is not exposed to. This is likely an important result from the perspective of bacterial evolution in their . Tables   4  8  3   Table 1 . Lag phase duration, growth rate and steady state O.D. 600 values for ancestor and evolved 
